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VI.

Executive Summary
Vertebrate animals lack endogenous enzymes to break down insoluble plant fiber, and therefore are
dependent on symbiotic gut microbes to utilize this abundant food source. Although chemically
higher in fiber, the efficacy of fiber particles in some commercial feeds, physically reduced in size
during processing, has not been quantified. A concept developed for dairy cattle, physically effective
fiber (peNDF) considers fiber physical characteristics that influence mastication and the biphasic
nature of rumen contents (Mertens, 1997). The importance of describing fiber’s chemical and
physical effects in nonruminant herbivores has also been identified (NRC, 2007). Tortoises provide
unique insights into digestive processes influencing fiber particle length, because unlike mammalian
herbivores, they do not reduce food particle size via mastication. We offered 16 leopard tortoises a
diet supplemented with Miscanthus grass differing in physical length (1.18 – 4 mm and 8 – 19 mm).
Individuals were allocated to treatment based on body weight. Total food intake and fecal output was
quantified. We hypothesized that increased particle length of plant fiber would increase digesta
retention, prolonging the plant fiber exposure to microbial fermentation and thus resulting in
increased digestibility.
Originally, we planned to use chromium mordanted fiber as an indicator of transit time and retention
time of fibrous particles. Chromium oxide (Cr2O3) has been widely used as a digestibility marker in

ruminants but has revealed variation in fecal recovery (Titgemeyer et al., 2001). Chromium oxide
has been disputed in recent literature as to its safety in diets due to its carcinogenic properties
(Peddie, 1982; Myers et al., 2006; Sedman, et al., 2006). Additionally, Cr2O3 is not approved by the
Food and Drug Administration as a dietary additive (FDA, 2013). After mordanting the chromium to
the fiber in our laboratory, we sent it to Midwest Laboratories to identify the amount of chromium
still present that may pose a risk to our specimens. The results from the chromium mordanted fiber
indicated an unacceptable amount of Cr2O3 which we deemed unsafe to feed as a marker.
Because of the disagreements over the use of chromium oxide as a dietary marker and laboratory
analysis, we investigated using titanium dioxide (TiO2) as an alternative. Titanium dioxide can be
added to feeds legally as a color additive in amounts that do not exceed 1% of the finished product
(AAFCO, 1996). Although it is not mordanted to a certain fraction of the feed, it has been used
successfully in cattle, pigs, dogs, and chickens to determine transit time and retention time (Jagger et
al., 1992; Short et al., 1996; Titgemeyer, 2001; De Cuyper et al., 2018).
In this study, particulate digesta transit was measured with a single pulse dosage of TiO2 (5g/kg of
diet, DMB) (Short et al., 1996). All tortoises were fed their individual dosage at the same time and
fecal material was collected daily for 2 months (60 d) at 0900, 1400, and 1900h. Typical digestion
trials for tortoises collect about 30 d after dosage (Hatt et al., 2002). The first 30 d of samples (57
individual fecals) were dried to a constant mass, ground to 1mm and sent to the Agricultural
Experiment Station Chemical Laboratories at the University of Missouri-Columbia for titanium
quantification.
Results indicated transit time for the SHORT treatment (n = 7) to be 362.57 h (SD ± 193.12) and for
the LONG treatment (n = 7) to be 314.25 h (SD ± 177.26). Transit time between groups did not differ
(P = 0.97). This indicates that there was not an effect of particle size on over all transit time and thus
small and large chopped forages appeared in the feces at the same time after dosage with no
increased time for microbial fermentation of structural carbohydrates in the LONG group. However,
treatments may differ in the amount of time the digesta is held within the gastrointestinal tract also
known as retention time.
Since some fecal samples did not return a detectable concentration of titanium during the first 30d
period, there was the potential for residual titanium to be remaining in samples that had not been
sent. Due to this we were unable to accurately calculate retention time. Our lab will be sending all
the remaining fecal samples collected to best characterize the passage of feed through the animal and
complete the project of determining the suitability of titanium as a marker for tortoises.

VII.

Major Accomplishments

(1) Evaluated the digestibility and suitability of forages as all the diet fed to herbivorous tortoises.
(1) Determined the methods and appropriateness of titanium dioxide as a marker for transit time and
retention time in desert tortoises.
(2) Investigated digesta retention time as it relates to microbial fermentation of structural carbohydrates
through the use of titanium dioxide.

VIII. Expenditure of Funds
The Baker-Koob Endowment generously provided this project with $1,050 to contribute to the
collection and analysis of our marker. Because most of the consumable inventory needed for

collection is donated or purchased by the funds for the Reptile Husbandry Enterprise, the entirety of
the Baker-Koob fund was used to pay for analysis of titanium through the Agricultural Experiment
Station Chemical Laboratories at the University of Missouri-Columbia. This analysis was not able to
be performed here at Cal Poly due to lack or university resources and time.

IX.

Impact on Student Learning
This project was a critical part of Allison’s Master’s Thesis project and will increase the
understanding of her other measured variables, thus providing a more concise description of the
relationship between structural carbohydrates, digestibility, fecal microbiomes, and particle size.
Beyond this, it provided students with senior projects to determine methods for microwave
digestion as a means of determining titanium dioxide concentrations (C. Spencer, 2019) and
provided samples for future analysis and comparison in undergraduate projects. All daily care and
maintenance of the tortoises was performed by undergraduate students enrolled in the Reptile
Husbandry Enterprise, a longstanding, year-round ‘Learn by Doing’ opportunity for students of all
skillsets to become involved in industry and academic supported research.
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